This study is concerned with the problem of finite-time H ∞ filter design for uncertain discrete-time Markov Jump stochastic systems. Our attention is focused on the design of mode-dependent H ∞ filter to ensure the finite-time stability of the filtering error system and preserve a prescribed H ∞ performance level for all admissible uncertainties. Sufficient conditions of filtering design for the system under consideration are developed and the corresponding filter parameters can be achieved in terms of linear matrix inequalities (LMI). Finally, a numerical example is provided to illustrate the validity of the proposed method.
Introduction
Since Markov Jump systems is important class of stochastic dynamic systems, it has drawn a lot of attention. Many contributions for Markov Jump systems have been reported in the literature. Robust stability and stabilization control, H ∞ control, H ∞ filtering design, passive control and so on have been widely studied [1] - [9] . Robust stabilization problem and H ∞ control for Markov Jump Linear Singular Systems with Wiener Process was studied in [1] . The problems of stability and robust stabilization for stochastic fuzzy systems were addressed in [2] , which designed a robust stochastic fuzzy controller with H ∞ performance for a class of Markov Jump nonlinear systems. Some results on delay-dependent H ∞ filtering for discrete-time singular Markov Jump systems were reported in [3] .
The authors investigated delay-dependent robust stability and corresponding [14] - [19] . To the best of the author' knowledge, the problem of robust finite-time filtering for discrete-time Markov Jump stochastic systems has not been fully investigated. This motivates us to investigate the present study. One application of these new results could be used to detect generation of residuals for fault diagnosis problems.
In this paper, we introduce the definition of finite-time stochastic stable (FTSS) into a class of discrete-time Markov Jump stochastic systems with parametric uncertainties. The main purpose of this research is to construct a detection filter such that the resulting filter error augmented system is FTSS. A central problem that we consider is the design of a detection filter that generates a residual signal to estimate the fault signal and detect failure. Sufficient conditions for FTSS of the filter error system is established by applying the Lyapunov-Krasovskii functional candidate combined with LMIs. The desired FTSS filter can be received by solving a set of LMIs. A numerical example is given to demonstrate the applicability and validity of the proposed theoretical method.
The structure of the paper is organized as follows. Some preliminaries and the problem formulation are introduced in Section 2. In Section 3, a sufficient condition for FTSS of the corresponding filtering error system is established and the method to design a finite-time filter is presented. Section 4 presents a numerical example to demonstrate the effectivity of the mentioned methodology. Some conclusions are drawn in Section 5. I and 0 denote the identity and zero matrices with appropriate dimensions. 
Model Descriptions and Preliminaries
We shall consider the following uncertain discrete-time Markov Jump stochastic system: are defined as
where 0 ij p > is the transition probability rate from mode i to mode j, for
For each possible value of ,
∈ in the succeeding discussion, we denote the matrices with the ith mode by
A B C D L for any i S ∈ are known constant matrices of appropriate dimensions , , ,
are matrices that represent the time-varying parameter uncertainties and are assumed to be of the form:
The matrices 1 2   3  4  1  2  3  4 , , , , , , ,
H H H H G G G G are known and provide the structure of the uncertainty. k F is arbitrary except for the bound on k F which satis-
Where , 1 ,
known constant matrices of appropriate dimensions.
We now summarize several needed results from the literature.
Definition 1 ([20])
The discrete-time Markovian Jump stochastic system (1) is said to be finite-time stochastic stable (FTSS) with respect to ( ) 1 2 , , , c c P N , where
and N is a positive integer, if { } We now consider the following filter:
where ˆn k x R ∈ is the filter state, and matrices , ,
A B L are filter parameters with compatible dimensions to be determined. It is assumed that fi A is non-
where, 0
Then the problem to be presented in this paper can be summarized as follows.
Given a scalar 0 γ > , design a filter (4) for the system (1), such that 1) the filtering error system (5) is FTSS, 2) the filtering error
where the prescribed value γ is the attenuation level.
Robust H∞ Filter Design
In this section we address the problems of admissibly finite-time stochastic stability analysis and the filter design of the discrete-time Markov Jump stochastic system. A sufficient condition of the filter existence and the design technique is proposed in the following theorems. 
where 
Then, we compute that
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Then by two applications of Lemma 2, we have
and
Applying the Schur Complement, the condition (8) contains the following inequality:
With the conditions (10) and (11), it then also follows that
Proceeding in an iterative fashion, we obtain the following inequality:
Obviously, (8) indicates that , ,
where Ψ is from (8) and Φ is the same as Φ in (8) except that
Moreover, the suitable filter parameters , ,
A B L in system (4) can be given by
, ,
Proof: By Theorem 1, the terms in (9) can be rewritten as follows: 
Numerical Example
We now give a numerical example to illustrate the proposed approach. In this example, we choose the following coefficients for the discrete-time Markov
Jump stochastic system in the form of (1): The necessary LMI's are solved in MATLAB using the LMI capabilities of the Robust Control Toolbox.
Conclusion
In this paper, we have investigated the H ∞ filtering problems for discrete-time
Markov Jump stochastic systems. Stochastic Lyapunov function method is adopted to establish sufficient conditions for the FTSS of the filter error system. The design of H ∞ filter is constructed in a given finite-time interval in the form of LMIs with some fixed parameters. An example is given to demonstrate the validity of the proposed method.
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